MULTI-STAGE RECIPROCATING 
VACUUM PUMP AND METHOD 
OF OPERATING THE SAME 



1. Field of the Invention 

The present mvention relates to a multi-stage reciprocating vacuum pump 
includmg a housing, at least one first pump chamber and at least one second 
pump chamber provided m the housing and each having a suction side and an 
outlet side, a piston reciprocating in each of the at least one first pump chamber 
and the at least one second pump chamber, a valve provided at the outlet s.de of 
each of the a, least one first pump chamber and at least one second pump 
chamber, and a conduit for commun.catmg the outlet side of ti:e at least one 
&st pump chamber with the suction side of the at least one second pump 
chamber, and to a method of operating the pump. 

2. Description of the Prior Art 

As a rule, reciprocatmg vacuum pumps for pumping out a recipient 
between the atmospheric pressure and a desired end vacuum of. e.g.. lO'^mbar 
are formed with several stages. One of such pumps ,s disclosed, e.g.. in U.S. 
Patent No. 5.921,755. In such a pump, separate stages are arranged m a row m 
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suction 



order to be able to provide for the necessary pressure d,ffere„ce 

<^er co.press.on of the deh vered ,ases up to the atmospheric pressure B. 
proper gradatron. the power consumption of a pump can be reduced. 

In order to stan the pun,p.„g.out process when the pressure in the 

recipient is still close to 1 nnn v 

1000 mbar. >t .s not necessaty to fiulher compress the 

passed by usmg a pressure-controlled by-pass valve, and these pump stages 

neednottoperformanycompress.on.However,a.thisi„.tia,stage.ahtgher 
-.oncapacitywouldbeadvantageousforaccelerat.ngthepumpmgpro.ss. 
Accordmgly. an object of the present mvent,on is to prov.de a mult,-stage 

process can be t.ed in such a way that the p.m.p charactensttcs are improved 
and an effective pumping takes place. 
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Mother object of the mvention is the provide a compact and space- 
sav,ng construction of a reciprocating vacuum pump, with the conne«i„g 
conduits having minimum lengths and a reduced flow resistance. 

A fisher Object of the present invention is to provide a redprocating 
vacuum pump m wWch the condensation of liquid and the amount of solids in 
the com,ecting conduits are ehminated or at least are reduced to a minimum. 

SUMMARY nu Tuf INVF,^TInM 

These and other objects of the present invention, which will become 

apparent heremafte, are achieved by providingmarectprocating vacuum pump 
of type discussed above, a second condmt for commumcatmg the suction s.de 
of the at least one first pump chamber with the suction s.de of the at least one 
second pump chamber, and means for selectively „ting the first condmt 
and the second condu.t with the suction side of the at least one second pump 
chamber, with the first and second condmts and the selectively comiecting 
means being located in the housmg; and by provdmg a metiiod of operating 
such a pump and mcludtng moving tiie selectively comiectmg means to .ts first 
position in which the second condmt ts com,ected Wth the suction side of the at 
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— e,. e,os., a ..... co.ec.o„ p™... . .e o.e. 
^.deofthea.,eas.o„e&s.pu.pehan,b.a„d.„^,«,ese.ec«ve,y 

- 0. p^p 

- c.a..e.s co„ . auea. one p„.p 
-pressed .„ .,e second pun.p chamber and ,s e« fl^erefro.. 

^-«-acuu.pun,paccordn,,.o«>ep.sen..„ven..onand«,e 
.nven.ve ™e.od of ope.«n. a p.n>p pe™„. . no.cea.. _ase .e 

-con capac, . *e uppe. p^ region, with a,, available p.stons 
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aspirating the gas in parallel at the start of the pumping-out process. Only when 
the pressure u> the recipxent is of a magnitude at whtch the compression, which 
is produced by a piston, is not sufficent for compressmg the aspirated gas to ibe 
atmospheric pressure, the parallel-operatmg p.stons are switched to a seHes 
operation. In this way, all of the stages are optimally used, and an effective 
pumping out with minimal costs is achieved. 

The integration of the comtecting conduits and valves m the multi-stage 
pump permits to obtain a very compact construction. The length of the 
comxecting conduits .s reduced to a minimum which, in turn, reduces the flow 
resistance m the condmts to a mimmum. Another big advantage of the 
inventive multi-stage pump consists m that the com.ect.ng conduits and other 
components, which are located in the pump housing, take .ts temperature. As 
this temperature is higher than the temperature outside of the housing, the 
condensate deposits are eliminated. 

The novel features of the present invention, which are considered as 
characteristic for die invention, are set forth in the appended claims. The 
invention itself, however, both as to its construction and its mode of operation. 
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together w.th add.t.o„a. advan.ges and objects thereof, wm be best understood 
from .he following detaUed descnpfon of prefe.ed embodiments, when read 
with reference to the accompanying drawings. 

BRIEF nFsrp.p,^,»f^ OP no . .y,|.,r^ 

•The drawings show; 

F.g. 1 a cross-sectional view of a two-stage rec.procatmg pump 
according to the present invention; and 

Fig. 2 a cross-sectional view of another embodiment of a 

reciprocatingpump according to the present invention. 

PETAII.Rn nr^r^PtpTTni-r OF TTfr 
PREFF.RKI, It KMBOmvigyf^ 

In a reciprocating two-stage pump accordmg to the present invention, 
which .s shown in the drawings, both stages are provided m a common 
housingl. Eachstage IS formed ofapumpchamber2.4inwhichapiston6 8 
reciprocates with values ,0 and 1 1 provide for pumping of gases. lUe gas 
Which enters through the suction side 16 of the first pump chamber 2 and is 
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compressed in tile first pump chamber 2, is fed to tl,e suction side J7 of the 
second pump chamber 4 through the gas outlet side 15 of the fir.t pump 
chamber 2 and through a conduit 14 and. after further compression, in the 
second pump chamber 4. is expelled through the gas outlet 19 of the second 
pump chamber 4. The first and second pump chambers 2. 4 and the respect,ve 
p.stons 6. 8 have different saes or gradafon, i.e., ti,e first pump chamber 2 is 
bigger than the second pmnp chamber 4. This is because with the gas being 
compressed in the firs, pump chamber 2. a smaller volume of the gas has to be 
compressed and pumped out in the second pump chamber 4. 

According to the present invention, a shut-off element 18 ,s arranged in 
the comrecting conduit 14. In addition, a firfier com,ect.ng condmt 20 is 
provded between the suction side 16 of the first pump chamber 2 and the 
suctions.de 17 of the second pump chamber 4. In the comiecting conduit 20, a 
fi»ther shut-off clement 21 ,s a^anged. A discharge comiection 13 is provided 
with its own shut<,ff element 23. All of the comiectrng conduits and respective 
shut-offelements are located at least parfiaUy in the pump housing 1 . 
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in each ofthe operational phases. 

7 " ^"""^ "^"^^ ^0 . .e e..o<^e« 

7 '^^ — - - can en.. .e p^p 

Chamber 2 through its suction side 16 and .ft. . • . 

16 and, after having been compressed with 
the piston 6, be expelled through the valve l n . ^ 

gn valve 10 and the gas outlet side 15 of the 

first pump chamber 2. Parallel thereto theeasisfeHt 

to, me gas is fed to the suction side 1 7 of 

-...O.^..av.,.eneo.p..e...,._,^,„„,_^^ ; 
«o.„,.eseeon.p..p,^,,,^„„^^^^^^^^^^^^ 
outlet side 19. 
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toe gas compressed m the fim pump chamber 2. When such a cond.fon .s 
created, switchmg .„ a ser.es operation takes place. To this end. the shut-off 
element 21 is closed, together w.th the shut-off element 23. The gas, in this 
case, flows only through the shut-off element 18 and the com>ectmg conduit ,4 
.0 the suction s.de 17 of the second pump chamber 4. ,s compressed further m 
the second pump chamber 4 and rs expelled through the gas outlet s.de 1 9 of the 
second pump chamber 4. As .t has aheady been mentioned above, switching 
from the paraUel operation to the ser.es operation and vice versa can take place 
during each phase of the pump operation. Instead of the shut-off elements 18 
and 21. a ti.ee-way cock 25 can be provided at the intersection of the 
coraiecting conduits 14 and 20. as shown in Fig. 2. 

Though the presem invention was shown and descnbed w.th references 
to the prefeaed embodiments, such are merely illustrative of the present 
invention and are no. to be constiued as a limitation thereof and various 
modifications of the present .nvent.on w.U be apparent to those skilled in the 
art. It is therefore not intended that the present .nvention be hmrted to the 
disclosed embodtments or details thereof, and the present mvent.on .ncludes all 
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variations and/or alternative embodiments within the spirit and scope of the 
present invention as defined by the appended claims. 
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